power lasers are available. However, the infrared photon energy is so small, the order of several kcal,/mole, that one must find out some suitable reaction through which the excited molecules are separated. The purpose of this study is to present an isotope effect of a new phenomenon which is induced with an infrared laser.
Gas mixtures of 1 :IO0 BCI, and Xe are blown against a BaF, plate at liquid N, temperatures to form a solid film. This film is irradiated with a 10.6 pm CW C 0 2 laser. It is found from the change of the infrared spectrum that selectively excited "BCI, molecules migrate through the Xe matrix and are educed on the cold plate as finecrystals. As Xe molecules sublimate from the solid film surface, "BC1, are released from the film so that 'BCI, are enriched on the plate. The estimated separation factor increases with increasing laser power and reaches the value of 8.4 with 3.3 watt radiation. However, the ratio of the amount of crystalline "BCI, to that of non-crystalline "BCI, on the plate is almost independent of the laser power. This may suggest that non-crystalline "BCI, is in a phase equilibrium with crystalline "BCl, on the plate. For the further confirmation of the isotope effect, the analysis with a mass spectrometer is in progress. Since selective excitation by laser light has been suggested as a method of isotope separation with high efficiency, several photochemical processes have been demonstrated for several elements. But the only reported laser isotope separation of uranium has been performed by two-step selective photoionization.' The study of the reaction kinetics of uranium atoms and compounds with molecules is important since it enables us to assess the potential of processes using one-photon excitation followed by the enhanced chemical reaction. Chemiionization of uranium is especially of interest, for it makes it easier to extract the selected isotope than processes utilizing other non-ionization reaction channels.
Experimental
In this report we present the experimental results on chemiionization of uranium atoms in ground and laser-excited states by oxygen molecules. Atomic and molecular beams were employed in a crossed beam configuration to minimize secondary reactions between reactants and produced ions and to define the reaction region. The uranium atom vapor was collimated by several slits to form an atomic beam. where A', and N , show the number of UO; produced by the chemical reaction with U* excited by laser and U in the ground state, respectively ; z is a lifetime of the excited state, and T is the dwell time of the colliding particles in the reaction region. W, and W2 are the pumping rate by the laser, and the reaction rate from the excited state, respectively: w, = o,l/hv (2) where ua is an absorption cross section, ue is a reaction cross section at the excited state and o is a relative velocity between collision partners. W, is the reaction rate from the ground state and is shown by uq instead of c r e in (3). N o is the flux W. L. Fite er al., J . Chem Phys., vol. 60, p. 1236. 1974. density of the oxygen molecules.
If the signals increase by 8 using laser irradiation, the cross section oe should be three orders of magnitude larger than og .
Potential curves for the U and 0' system are almost unknown. Here we can show only a schematic view of the potential curves in Fig. 1 .
The interaction between UO' + 0 has a polarization term which gives a long-range force in contrast to a short-range force between U in the ground state and the oxygen molecule. Thus the potential curve crossing R,, may be much larger than R,, . It then seems likely that the probability of the decay from a potential curve of U* + O2 to the potential curve of UO' + 0 by emitting an electron resulting in UO; is greatly enhanced. We have investigated the use of atomic fluorescence spectroscopy with dye laser excitation as an analytical tool for the detection of extremely low concentrations of atomic species in aqueous solutions. To date, detection limits of 2.5 x gm for TI and 1.2 x lo-', gm for Cs have been achieved. These limits are substantially lower than those reported for conventional analytical atomic absorption spectrocopy.^ Our lower limits can be attributed to the design of a flameless atomizer optimized for fluorescence spectroscopy and the use of specially designed fluorescence collection optics. A schematic diagramofthe apparatusused in making measurements of the sensitivity and linearity of laser excited fluorescence spectroscopy is shown in Fig. 1. A 250 kW N 
